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HNS/TEFLON, A NEW HEAT-RESISTANT EXPLOSIVE 

Prepared  by: 
Harry Heller 

and 
Albert  L.  B e r t r a m  

ABSTRACT: (U-) HNS/Teflon (90 /10)  i s  a new p r e s s e d  e x p l o s i v e  developed 
f o r  use i n  t h e  APOLLO program. The major  advantages  of HlS/Teflon 
are i t s ,  (1) e x c e l l e n t  t he rma l  s t a b i l i t y  a t  e l e v a t e d  t e m p e r a t u r e s  
(2) s u p e r i o r  r e s i s t a n c e  t o  s u b l i m a t i o n  at h i g h  t e m p e r a t u r e s  and low 
p r e s s u r e s  and ( 3 )  ease of molding powder p r e p a r a t i o n ,  p r e s s i n g  and 
machining. The  impact s e n s i t i v i t y  o f  HIS/Teflon i s  between t h a t  of 
Comp B and Comp A-3 w h i l e  i t s  e x p l o s i v e  performance is about  t h e  same 
as TBT. Under t h e  severe envi ronmenta l  c o n d i t i o n s  of t h e  moon's 
s u r f a c e ,  t h i s  e x p l o s i v e  s u c c e s s f u l l y  performed i t s  i n t e n d e d  f u n c t i o n  
of g e n e r a t i n g  s e i s m i c  waves i n  t h e  APOLLO ALSEP and LSPE exper iments .  
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HNS?Teflon, h men Hea t -Res i s t an t  Exp los ive  

(V) T h i s  r e p o r t  d e s c r i b e s ' l r a r k  conducted f o r  t h e  Lyndon B. Johnson 
Space Center ,  Houston under  Task MOL-g98/MASA. A s  p a r t  of t h i s  
program a new e x p l o s i v e  composi t ion ,  HMS/Teflon (90/10), w a s  
developed f o r  u s e  i n  t h e  a c t i v e  s e i s m i c  exper iments  in b o t h  t h e  
APOLLO Ac t ive  Lunar Se ismic  Experiments Peckege (ALSEP) and t h e  Lunar 
Se ismic  P r o f i l i n g  Experiments  (LSPE). T h i s  r e p o r t  d e s c r i b e s  t h e  
dzvelopment,  t e s t i n g ,  p r o p e r t i e s  and performance of HNS/Teflon c h a r g e s  
and should  be of i n t e r e s t  tci e n g i n e e r s  and s c i e n t i s t s  who r e q u i r e  
e x p l o s i v e s  t h a t  most w i t h s t a n d  h o s t i l e  envircnmeqts .  

(U) HIS i s  one o f  a ser ies  o f  h e a t - r e s i s t a n t  e x p l o s i v e s  s y n t h e s i z e d  
a t  t h e  Neval Ordnance Labora tory ,  as p a r t  of  an  a c t i v e  and c o n t i n u i n g  
program w i t h  t h e  o b j e c t i v e  o f . s t u d y i n g  t h e  c h e m i s t r y  of  n i t r o  com- 
pounds and s y n t h e s i z i n g  new e x p l o s i v e  compcunds w i t h  improved 
p r o p e r t i e s ,  under  T a s k  MAT 03L-000/ZR00-001-010 e n t i t l e d  Exp los ives  
Chemistry (Independent  Research)  . 
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Capta in ,  USN 
Commander 
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1. I n t r o d u c t i o n  

Exp los ives  per form a number o f  v a r i o u s  f u n c t i o n s  i n  m i l i t a r y  
and a e r o s p a c e  systems.  For  t h e  Apol lo  program, NASA developed an 
Apollo Lunar S u r f a c e  Experiments  Package (ALSEP) c o n t a i n i n g  seven  
exper iments ,  s i x  .of which invo lved  p a s s i v e  d e t e c t i o n  of  l u n a r  
phenomena. The s e v e n t h  was a n  a c t i v e  s e i s m i c  experiment  w i t h  t h e  
o b j e c t i v e  o f  measuring t h e  g e o p h y s i c a l  p r o p e r t i e s  of t h e  l u n a r  c r u s t  
by d e t o n a t i n g  e x p l o s i v e  c h a r g e s  on t h e  moon's s u r f a c e  and measur ing  
t h e  v e l o c i t y  o f - t h e  r e s u l t i n g  s e i s m i c  waves. Later o n  i n  t h e  Apollo 
program a s imi la r  expe r imen ta l  package c a l l e d  t h e  Lunar Se ismic  
P r o f i l i n g  Experiment (LSPE) w a s  developed.  The Naval Ordnance 
Labora to ry  was r e q u e s t e d  t o  recommend an  e x p l o s i v e  which c o u l d  be  
expec ted  t o  s u r v i v e  t h e  unusua l  env i r cnmen ta l  r equ i r emen t s  of l o n g  
term s t o r a g e  on t h e  l u n a r  s u r f a c e .  

2. Explos ive  Requirements  

The f o l l o w i n g  e x p l o s i v e  p r o p e r t i e s  were cons ide red  t o  be 
d e s i r a b l e  f o r  t h i s  a p p l i c a t i o n :  

a. 
b. 

C .  

d .  

e. 

f .  
g *  
h. 

i .  

S a f e  t o  hand le  and use. 
A b i l i t y  t o  s u r v i v e  l u n a r  t e m p e r a t u r e s  from 
100  t o  400°K br;t r e a l i s t i c a l l y  from -60 t o  127OC 
i n - a n  i n s u l a t e d  package f o r  a t  l e a s t  one y e a r .  
L o w  v o l a t i l i t y  under  t h e  t e m p e r a t u r e  c o n d i t i o n s  
s t a t ed  i n  ( 9 )  sbove and p r e s s u r e s  which might  
r a n g e  from 1 3 . 2 3  x t o  13.33 x 1 0  -13 N / m 2  
(10-12 t o  10-14 Torr). 
Capable  o f  be ing  p r e s s e d  t o  h igh  d e n s i t y  and 
t h e n  machined t o  f i t  i n t o  t h e  g renade  c a s e .  
A b i l i t y  t o  w i t h s t a n d  expec ted  shock and v i b r a t i o n  
d u r i n g  e a r t h  l aunch ,  l u n a r  l a n d i n g  and emplace- 
ment. Launch and f l i g h t  c o n d i t i o n s  a r e  r e l a t i v e l y  
mi ld  b u t  a c c e l e r a t i o n s  from 38 t o  118 m ! s 2  might  
b e  expec ted  if a poor moon l a n d i n g  w a p  made. 
Explos ive  o u t p u t  abou t  t h e  same as TNT. 
Unaf fec t ed  by a n t i c i p a t e d  l u n a r  r a d i a t i o n  l e v e l s .  
Capable  o f  r e l i a b l e  i n i t i a t i o n  w i t h  a v a i l a b l e  
i n i t i a t o r  systems.  
Material a v a i l a b i l i t y  w i t h i n  a r e a s o n a b l e  t i m e  
span.  

3.  Exp los ive  S e l e c t i o n  

Over t h e  p a s t  1 5  y e a r s  NOL c h e m i s t s  have s y n t h e s i z e d  a l a r g e  
number of  t h e r m a l l y - s t a b l e  n i t r o a r o m a t i c  e x p l o s i v e  compounds. 
P r o p e r t i e s  o f  t h e  more promising compcunds a r e  l i s t e d  i n  r e f e r e n c e  (1). 
Based on t h e  r e q c i r e m e n t s  shown i n  2. above, f i v e  nitrocompounds were 
c o n s i d e r e d  f o r  t h i s  a p p l i c a t i o n :  cyclotrimethylenetrinitramine (RDX), 
cyclotetramethylenetetranitramine ( B - H M X ) ,  lt3-diamino-',k,6-trinitro- 
benzene ( D A T B ) ,  1,3,5-triamino-2,b,6-trinitrobenzene ( T A T B ) ,  atld 

1 



2,2',4,4',6,6'-hexanitrostilbene (HNS). The  p r o p e r t i e s  of t h e s e  
compounds are  summarized i n  T a b l e  1. 

meas 
1.33 
o f  v 

The vapor  p r e  
u r e d  a t  e l e v a t  
x 10.7 N / m 2 .  

s s u r e s  o f  t h e  f i v e  c a n d i d a t e  e x p l o s i v e s  were 
ed t e m p e r a t u r e s  i n  t h e  r a n g e  of 1 .33 x t o  
The Langmuir method was used  f o r  t h e  d e t e r m i n a t i o n  

apor  p r e s s u r e s  from measurements o f  t h e  ra tes  of s u b l i m a t i o n  a t  
c o n s t a n t  t empera tu re .  Vapor p r e s s u r e s  were computed from t h e  
observed  weight  l o s s  o f  t h e  sample h e a t e d  i n  a vacuum. The e x p r e s s i o n  
used  was: 

P(mN/m2) = 2.285 x. G x ( T / M )  1 / 2  

where G i s  t h e  weight  l o s s  i n  g/cm2;sec, T i s  t h e  a b s o l u t e  t e m p e r a t u r e  
and M i s  t h e  molecu1a.r weight  ( r e f e r e n c e  2 ) .  

The vapor  p r e s s u r e s  o f  .::he f i v e  e x p l o s i v e  compounds a t  v a r i o u s  
t e m p e r a t u r e s  a re  summarized i n  Table  2 .  The data  i n  Tab le  2 c l e a r l y  
demons t r a t e s  t h a t  €INS i s  s u p e r i o r  i n  r e s i s t a n c e  t o  x b l i m a t i o n  a t  
e l e v a t e d  t e m p e r a t u r e s  and low p r e s s u r e s .  F i n e  c r y s t a l l i n e  mater ia l  
(2 - l o p )  as o b t a i n e d  from t h e  s y n t h e s i s  r e a c t i o n  i s  c a l l e d  HNS-I. 
HNS-I1 i s  a l a rge r  p a r t i c l e  s i z e  (100 - 2 0 0 ~ )  of h i g h e r  b u l k  d e n s i t y  
o b t a i n e d  by r e c r y s t a l l i z a t i o n  o f  H N S - I .  The d e s i g n a t i o n ,  HNS, i n  
t h i s  r e p o r t  r e f e r s  o n l y  t o  form 11. 

4. Binder  S e l e c t i o n  

?€!e p r i n c i p a l  concern  i n  t h e  u s e  of H N S  i n  t h e  ALSEP grenade  
was i t s  impact s e n s i t i v i t y .  HNS had p r e v i o u s l y  been considered.  t o  
be  a b o o s t e r  e x p l o s i v e  s i n c e  i t s  impact  s e n s i t i v i t y  was i n  t h e  same 
range  as t e t r y l .  However, on t h e  basis  o f  p r e v i o u s  exper ieDce  w i t h  
o t h e r  e x p l o s i v e  compouads it was b e l i e v e d  t h a t  t h e  a d d i t i o r ,  o f  about  
10% of an  i n e r t  polymer t o  HNS would p r o v i d e  enough d e s e n s i t i z a t i o n  
t o  ra i se  t h e i m p a c t  s e n s i t i v i t y t o  a t  l e a s t  t h e  Comp B l e v e l .  I n  
a d d i t i o n ,  t h e  polymer would a i d  i n  t h e  p r e s s i n g  and compaction of 
h i g h  d e n s i t y  c h a r g e s  and improv? t h e  mechanica l  p r o p e r t i e s  and 
m a c h i n a b i l i t y  of  t h e  p r e s s e d  c h a r g e s .  

A program was i n i t i a t e d  t o  f i n d  a s u i t a b l e  b i n d e r  f o r  H N S  which 
wobld r e s u l t  

a. 

b.  

C .  

a .  

i n  a PBX w i t h  t h e  f o l l o w i n g  d e s i r a b l e  p r o p e r t i e s :  

The p r e s s e d  PBX should  be  t h e r m a l l y  s t a b l e  
and r e t a i n  a major  p o r t i o n  o f  i t s  p h y s i c a l  
p r o p e r t i e s  a t  t h e  maximum tempera tu re  encountered .  
There  should  b ,  no a p p r e c i a b l e  chemical  i n t e r -  
a c t i o n  between H N S  and t h e  b i n d e r  a t  e l e v a t e d  
t e m p e r a t u r e s .  
The PBX should  be c a p a b l e  o f  be ing  p r e s s e d  t o  
h igh  d e n s i t y  ( -98% TMD). 
The b ind - r  should p o s s e s s  some d e g r e e  of f l e x i b i l i t y  
t o  e n a b l e  t h e  PBX t o  w i t h s t a n d  volume ?'langes wi thou t  
c r a c k i n g  due t o  r a p i d  t e m p e r a t u r e  char,.;.?. 



e. The p r e s s e d  PBX charger. shou ld  b e  c a p a b l e  of  
b e i n g  machined i n t o  v a r i o u s  shapes t o  a 
1,olerance of abou t  k0.0025 c m .  The machined 
c n a r g e  should  b e  s t r o n g  enough t o  w i t h s t a n d  
t k e  hand l ing  jnvolved  i n  t h e  manufac ture  and 
assembly of t ' l a  g renade  package. 

I n  a p r e v i o u s  program a number o f  polymers were e v a l u a t e d  f o r  
use as b i n d e r s  f o r  DATB ( r e f e r e n c e  3 ) .  The r e s u l t s  o b t a i n e d  i n  t h i s  
program provided  v a l u a b l e  g u i d e l i n e s  f o r  s e l e c t i n g  a b i n d e r  f o r  ENS. 
I n  t h e  DATB program a wide v a r i e t p  of  commercial t h e r m o s e t t i n g  and 
t h e r m o p l a s t i c  r e s i n s  were e v a l u a t e d .  I t  was concluded t h a t  PBX's 
made w i t h  t h e r m o p l a s t i c  . b inde r s  were e a s i e r  t o  p r o c e s s  on a l a r g e  
s c a l e  w i t h  c o n v e n t i o n a l  equipment 

The p r o p e r t i e s  cT t h e  t h r e e  best DATB PBX systems a re  summarized 
i n  T a b l e  3. Of t h e s e ,  Teflon" w a s  chosen  as t h e  s u p e r i o r  b i n d e r .  
The e x c e l l e n t  s t r e n g t h  and machining p r o p e r t i e s  o b t a i n e d  w i t h  a 
p r e s s e d  PBX u s i n g  powdered T e f l o n  a s  a b i n d e r  were unexpected.  
Normally,  Te f lon  c o a t i n g s  o r  p r e s s e d  compacts n u s t  b e  h e a t e d  t o  t h e  
s i n t e r i n g  t empera tu re  (360 - 4 O O O C )  i n  o r d e r  t o  form dense ,  s t r o n g  
c o a t i n g s  o r  shapes .  I n  t h i s  i n s t a n c e ,  t h e  T e f l o n / e x p l o s i v e  molding 
powder w a s  p r e s s e d  a t  ambient t e m p e r a t u r e  s i n c e  t h e  s o f t e n i n g  p o i n t  
of T e f l o n  i s  above t h e  decomposi t ion  t e m p e r a t u r e  of  t h e  e x p l o s i v e .  
Equa l ly  unexpected w a s  t h e  a b i l i t y  o f  t h e  Teflon-bonded PBX t o  
w i t h s t a n d  s e v e r e  the rma l  shock w i t h o u t  c r a c k i n g  i n  t h e  c y c l i n g  t e s t s .  
P a r t  o f  t h e  e x p l a n a t i o n  may l i e  i n  t h e  f i b r o u s  n a t u r e  of  t h e  T e f l o n  
p a r t i c l e s .  During t h e  p r e s s i n g  o p e r a t i o n  t h e  i n d i v i d u a l  p a r t i c l e s  
may l o c k  t o g e t h e r  t o  fo-.m a s t r o n g  compact. 

5 .  HNS Binder  S e l e c t i o n  

A >umber of polymers,  i n c l u d i n g  t h e  t h r e e  found most s u i t a b l e  
i n  t h e  DATB program, were e v a l u a t e d .  These a r e  l i s t e d  and i d e n t i f i e d  
i n  Tab le  4. The f i r s t  s t e p  i n  s c r e e n i n g  a p l a s t i c  b i n d e r  f o r  KNS was 
t o  i n v e s t i g a t e  methods f o r  combining b i n d e r  and e x p l o s i v e  t 3  form a 
molding powder s u i t a b l e  f o r  p r e s s i n g .  

If t h e  b i n d e r  was i n s o l u b l e  i n  water  b u t  s o l u b l e  i n  a n  o r g a n i c  
wa te r -misc ib l e  s o l v e n t  t h e n :  

a .  The HNS w a s  suspended i n  wa te r  and t h e  p l a s t i c  
s o l u t i o n  added t o  t h e  s l u r r y ,  where t h e  polymer pre-  
c i p i t a t e d .  O r :  

wa te r  was added t o  p r e c i p i t a t e  t h e  polymer on to  t h e  HNS. 
b. The HNS v a s  suspended i n  t h e  polymer s c l u 5 i o n  and 

I f  t h e  polymer s o l v e n t  was immisc ib le  i n  water ,  t h e  HNS was 
suspended i n  water and t h e  polymer s o l u t i o n  was s lowly  added w h i l e  

*Teflon is a r e z i s b e r e d  t radename of E. I .  DuPont DeNemours and 
Company f o r  polytetrafluoroethylene. 

3 



h e a t  was a p p l i e d  t o  d r i v e  off t h e  v o l a t i l e  s o l v e n t .  The o b j e c t i v e  
was t o  c o a t  o r  e n c a p s u l a t e  t h e  HIS c r y s t a l s  w i t h  p i a s t i c  b i n d e r .  

If t h e  polymer was s o l u b l e  i n  water t h e  €INS w a s  mixed i n  an 
o r g a n i c  s o l u t i o n  o f  t h e  polymer w h i l e  h e a t  was a p p l i e d  t o  d r i v e  o f f  
t h e  s o l v e n t .  T h i s  procedure  can  be c o n v e n i e n t l y  c a r r i e d  o u t  i n  a 
j a c k e t e d  sigma-blade mixer  so t h a t  t h e  e x p l o s i v e  a i l1  b e - c o n s t a n t l y  
mixed ar?d even ly  c o a t e d  w h i l e  t h e  s o l v e n t  i s  be ing  d r i v e n  o f f .  

Polymers  which a re  i n s o l u b l e  i n  o r g a n i c  s o l v e n t s  are  most 
c o n v e n i e n t l y  i n c o r p o r a t e d  i n  t h e  PBX i n  f i n e l y  d i v i d e 2  form. D i s -  
p e r s i o n s  o r  f i n e  powders c a n  be combined w i t h  t h e  e x p l o s i v e  by n i x i n g  
them i n  water and t h e n  f i l t e r i n g  aLd d r y i n g .  Dry b l e n d i n g  o f  f i n e  
polymer powders w i t h  HIS was p o s s i b l e  i n  some cases. 

The above p rocedures  were adequa te  f o r  s c r e e n i n g  small ba t ches  
of  PBX. For p roduc t ion  q u a n t i t i e s  of PBXs t h e  u s e  of water emuls ions  
o r  d i s p e r s i o n s  should  be i n v e s t j q a t e d  s i n c e  t h i s  would r educe  o r  . 

elimirlate t h e  u s e  of  o r g a n i c  s o l v e a t s .  The procedure  used  t o  make 
v e r i o u s  HNS/polymer molding powders i s  g i v e n  i n  Appendix A. 

6 .  P r o p e r t i e s  of HIS PBXs 

- - Impact S e n s i t i v i t x  
As s t a t e d  p r e v i o u s l y  one of t h e  f u n c t i o n s  of t h e  p l a s t i c  b i n d e r  

s t o  d e s e n s i t i z e  t h e  HNS t o  a l e v e l  more c o n s i s k e n t  w i t h  t h o s e  of 
Gandard secondary  e x p l o s i v e s .  The impact  machine i s  pe rhaps  %he  

most s imple  method of e v a l u a t i n g  t h e  impact s e n s i t i v i t y  of a n  exp- 
l o s i v e  composi t ion .  In t h i s  t e s t ,  a 2 .5  K g  weight  i s  dropped f r o m a  
p r e s e t  h e i g h t  on to  a 35 mg sample of e x p l o s i v e .  A s e r i e s  cf d rops  
a t  d i f f e r e n t  h e i g h t s  i s  made and a d e t e r m i n a t i o n  made a t  each h e i g h t  
whether  o r  no t  a p o s i t i v e  r e a c t i o n  has  o c c u r r e d .  The r e s u l t  of t h e  
t e s t  is a h e i g h t  i n  cm a t  w h i c h t k  e i s  a 50% p r o b a b i l i t y  t h a t  t h e  
t e a t  e x p l o s i v e  w i l l  r e a c t  ( r e f e r e n c e  4 ) .  

No s i n g l e  o r  s e r i e s  of s e n s i t i v i t y  t e s t s  can  p r o v i d e  a comple te  
p i c t u r e  of  t h e  complex r e a c t i o n s  a g i v e c  e x p l o s i v e  can  undergo when 
s u b j e c t e d  t o  v a r i o u s  s t i m u l i .  But t h L  impact machine test., when 
c a r e f u l l y  dona, can p r o v i d e  much u s e f a l  i n f o r m a t i o n  on t h e  impact  
s e n s i t i v i t y  of one e x p l o s i v e  r e l a t i v e  t o  a well-known, s t a n d a r d  
e x p l o s i v e .  T h i s  is e s p w i a i l y  triie wher, t c t h  e x p l o s i v e s  have s imi la r  
chemica l  s t r u c t u r e s .  Tab le  5 l i s t s  N O L  (Bruce ton ,  ERL) i a y a c t  machine 
da t a  f o r  t h e  HNS PBXs ae  compared t o  some s t a n d a r d  m i l i t a r y  e x p l o s i v e s .  
S i n c e  t h e  p a r t i c l e  s i z e  of  t h e  "as r e c e i v e d "  mater ia l  was similar t o  
t h e  p a r t i c l e  s i z e  s p e c i f i e d  i n  t h e  t e s t ,  "as r e c e i v e d "  mater ia l  was 
used f o r  t h e  t e s t  samples .  Tab le  5 a l s o  c o n t a i n s  t h e  d e n s i t i e s  ob- 
t a i n e d  by p r e s s i n g  t h e s e  PBX molding powders. 

Tab le  5 i n d i c a t e d  t h a t  1 0 %  of a l l  t h e  g l a s t i c  b i n d e r s  e v a l u a t e d ,  
w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  Vi ton  A ,  s a t i s f a c t o r i l y  d e s e n s i t i z e d  
HNS above t h e  Ccmp B l e v e l .  
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Thermal S t a b i l i t y  and C o m p a t i b i l f i ~  
When n o r n a l l y  i ne r t  materials ar'e added t o  e x p l o s i v e  compounds, 

t h e  p r o p e r t i e s  of t h e  m i x t u r e  cannot  be in fe r r ed  from t h e  p r o p e r t i e s  
of  each componelrt. In t h e  development of e x p l o s i v e  m i x t u r e s  f o r  ti 
s p e c i f i c  a p p l i c a t i o n ,  two c l o s e l y  related requ i r emen t s  must be m e t .  
F i r s t ,  t h e  e x p l o s i v e  system must be t h e r m a l l y  s table  a t  t h e  maximum 
c o n d i t i o n s  of s t o r a g e  and use .  Second, t h e  p r e s e n c e  of  one material 
m u s t  not interfere v i t H  t h e  ? rope r  performance of a n o t h e r - m & e r i a l  
i n  t h e  system. 

- 
The vacuum the rma l  s t a b i l i t y  t e s t  is used  t o  d e t e r m i n e  whether  

one o r  more materials are  t h e r m a l l y  s tab le  o r  cbemica l ly  r e a c t i v e  a t  
Some s p e c i f f c  t empera tu re / t ime  c y c l e .  C o m p a t i b i l i t y  encompasses 
something more t h a n  a chemica l  r a a c t i o n  between two o r  more m a t e r i a l s .  
F a r  example, i f  e material i n  c o n t a c t - w f t h  a polymer i s  a good s o l v e n t  
f o r  t h p  c u r i n g  agen t  and thuis prevents-  polymer c u r e  a t  t h e  i n t e r f a c e .  
t h e n  t h e  materials are incompa t ib l e  even though no chemica l  r e a c t i o n  
has occur red  and no r e a c t i o n  p r o d u c t s  a r e , g e n e r a t e d .  The vacuum 
s f k a b i l i t y  test measures the-amount  o f  gaseous  r e a c t i o n  p r o d u c t s  from 
t h e  the rma l  decomposi t ion o r  c h e n i c a l  r e a c t i o n  of  a s i n g l e  compouad 
or mix tu re  o f  mat.erials. Sfnce  some chemYca.1 r e a c t i o n s  produce s o l i d  

j u n c t i o n  w i t h  t h e  v%cuum s t a b i l i t y  tes t .  

obtagned f o r  t h e  HIS PBXs and a number of  o t h e r  materials used  o r  
proposed f o r  u s e  i n  t h e  ALSEP Grenade piogram ( r e f e r e n c e  5 ) .  The 
e v o l u t i o n  of x2.0 m l  gas/gm under  t h e  test  c o n d i t i o n s  shown i s  
c o n s i d e r e d  s a t i s f a c t o r y .  Also-stJwn i n  Table 6 i s  t h e  weight  p e r c e n t  
change a t  a p r e s s u r e  of 1.3 x 10-5 I / m 2  and a t e m p e r a t u r e  of  1 3 6 O C .  

-decomposi t ion prociucts, o f h e r  s t a b i l i t y  tes ts  may be used  i n  con- 

Table 6. l i s t s  t h e  vacuum s t a b i l i t y  and c o m p a t i b i l i t y  data 

The thermal  s t a b i l i t y  and v o l a t i l i t y  of  a l l  t h e  compos i t ions  
w i t h t h e e x c e p t i o n  of t h e  Nylon PBX w a s  c o n s i d e r e d  t o  be q u i t e  satis-  
qac to ry ;  The thermal s t a b i l i t y  of n e a t  HIS a t  1 5 O o C  w a s  e x c e l l e n t .  

7. HIS./Teflon PBX 

Based on i t s  good o v e r a l l  n r o p e r t i e s ,  e x c e l l e n t  m a c h i n a b i l i t y ,  
ease of p r e s s i n g  and t h e  r e p r o d u c i b l e  p r e s s e d  d e n s i t i e s  o b t a i n e d ,  
HIS/Teflon (90110) w a s  chosen as t h e  PBX f i l l  f o r  t h e  ALSEP grenade .  
A Tpflon 30 water e n u l s i o n  con'caining about  60% Tef lon  s o l i d s  w a s  
blended w i t h  t h e  HlOS t o  form t h e  PBX m o l d i r s  powder by t h e  p rocedure  
sEown in Appendix A. S e v e r a l  l o t s  of molding pcwder made e i t h e r  a t  
IOL o r  by a p r i v a t e  c o r t r a c t o r  were ana lyzed  f o r  u n i f o r m i t y  and t h e  
deta i s  g iven  i n  Tq.ble 7 .  Lot 11138-25 was reb lended  i n t o  l o t  11138- 
2 5 A  to improve i t s  u n i f o r m i t y .  A p r e s s e d  cha rge  of  HNSITeflon ( ?0 /10 )  
was sect iozoci  as shown i n  Table  8 and s e v e r a l  s e c t i o n s  were a n a l r e e d .  
The u n i f o r m i t y  of bo th  t h e  molding powders and t h e  p r e s s e d  c h a r g e s  
was cons ide red  t o  be s a t i s f a c t o r y .  

Four s izes  of  e x p l o s i v e  cha rges  r ang ing  in weight Pram 0 .045  t o  
0.454 kg were made f o r  u s e  i n  t h e  se i smic  grenade .  T h e i r  d imens ions  
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are  g i v e n  ia Tab le  9 .  To i l l u s t r r t e  t h e  i n t r i c a t e  a s c h i n i n g  r e q u i r e d  
a clear p l a s t i c  model o f  t h e  one pound charge is  shovn in F i g u r e  1. 
The f o u r  machined e x p l o s i v e  c h a r g e s  are shown i n  F i g u r e  2. A d e t a i l e d  
d e s c r i p t i o n  o f  t h e  p rocedures  invo lved  i n  t h e  p r e p a r a t i o n  of t h e s e  
e x p l o s i v e  c h a r g e s  i s  g i v e n  i n  reference (6).  Sone m i s c e l l a n e o u s  
p r o p e r t i e s  3f EYS/Teflon (9O/lO) e x p l o s i v e  are g i v e n  in T a b l e  10.  

The v a r i a t i o n  i n  l u n a r  surface t e m p e r a t u r e  o v e r  a 30 day p e r i o d  
-- i s  -_ showa i n  F i g u r e  3. In an at%empt t o  de te rmine  t h e  effect  of f b e s e  

tem@2r&uzy!__changes on BHS/Teflon cha rges ,  tvo e x p l o s i v e  cubes  v e i g h i n g  
195 and 329 g"xer,e_-cycled from -73.3 t o  +15OoC a t  a rate o f  3.3OC/hr 
f o r  two c o a p l e t e  c y c h , ( - 1 2  days ) .  Charges w e r e  h e l d  a t  t h e  l o w e s t  
and h i g h e s t  t e m p e r a t u r e  f o r  one  hour  during each c y c l e .  Each t i m e  
t h e  t e s t  chamber k k s  at ambient  t empera tu re ,  t h e  samples  vere v i s u a l l y  
e x w i n e d  for ev idence  of c r a c k s  or deformat ion .  Eo s i g n i f i c a n t  change 
iD e i t h e r  tes t  sample w a s  a p p a r e n t  f o l l o w i n g  t h e  1 2  day test. Vhile 
t h e r e  w e r e  i n s i g n i f i c a n t  changes  i n  s e v e r a l  d i a e n s i o n s  of t h e  two 
cubes ,  no weight  l o s s  or c o l o r  change uas noted.  

8. LSPE Program 

For  u s e  i n  t h e  Apolio 17 p rograa ,  HASA d e s i r e d  a more advanced 
a c t i v e  seismic experiment  as p a r t  of t h e  Lunar Se ismic  P r o r i l i n g  
Experiment fLSPB). There  w e r e  s e v e r a l  a a J o r  d i f f e r e n c e s  between t h e  
two programs. F i r s t ,  t h e  LSPE e x p l o s i v e  c h a r g e s  were t o  b e  hand 
p l aced  a known d i s t a n c e  i n  r e l a t i o n  t o  t h e  geophone a r r a y  p e r m i t t i n g  
a more a c c u r a t e  v e l o c i t y  m e a s u r m e n t  of t h e  e x p l o s i v e  shock  wave. 
Second, t h e  S 8 A d e v t c e  w a s  r e d e s i g n e d  t o  improve s a f e t y  ant? r e l i -  
a b i ' i t y ,  ( r e f e r e n c e  7 ) .  Each set o f  e x p l o s i v e  c h a r g e s  f o r  t h e  LSPE 
program c o n s i s t e d  af two 0.057 kg, two 0.114 kg, one 0.227 ke, one 
0 454 kg,  one 1.362 kg-and  one  2.724 kg c h a r g e s  ( F i g u r e  4). The 2.724 
kg cha rge   as in t h e  shape  of a cube, a l l  t h e  o t h e r s  vere c y l i a d e r s .  

9. BBS/Teflon Molding Powder 

S i n c e  HNS/Teflon (90/10)  pres;ed e x p l o s i v e  c h a r g e s  w e r e  found t o  
be s a t i s f a c t o r y  in t h e  p r e v i o u s  ALSEP program, it was dec ided  t o  u s e  
t5e same e x p l o s i v e  i n  t h e  LSPE program. 

A number of  HIS/Teflon molding powder samples were-Eade by t h e  
same p rocedure  used  t o  p r e p a r e  mo;dinF powder f o r  t h e  p r e v i c u s  ALSEP 
cha rges  u s i n g  Te f lon  30 emcluion coagu la t ed  and p r e c i p i t a t e d  w i t h  
ace tone .  Both p r n c e s s i n g  problems ( s e v e r e  foaming an? f l o c c u l e n t  
fo rme t ion  upon a d d i t i o n  o f  t h e  a c e t o n e )  and  hend l ing  problems ( t h e  
d r i e d  molding powder was no t  a f r ee - f lowing  powder b u t  c o n s i s t e d  of 
numerocs agg lomera te s )  i n d i c a t e d  t h a t  t h e  p r e p a r a t i o n  o f  l a r g e  q u a n t i -  
t i e s  of homogeneous and f r ee - f lowing  ANS/Teflon molding powder 
u t i l i z i n g  T e f l o n  30 e m u l s i o n  wculd be d i f f i c u l t .  

A r e v i s e d  procedure  u s i n g  mechanica l ly  blended mix tu res  of HIS 
a n d  f i n e l y  d i v i d e d  Te f lon  powder Wac i n v e s t i g s t e d .  T h e  procedure  was 
u s &  t o  p r e p a r e  f o u r  b a t c h e s  of BlS/Teflon molding powder r ang ing  from 
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50 tW t o  5 hg. As noted  below: 

a. The r e q u i r e d  q u a l r t i t i e s  of HBS and T e f l o n  w e r e  weighed o u t  
and p l aced  i n  a smooth-val led m e t e l  c y l i n d r i c a l  drum. To i n s u r e  
tho rough  mixing, t h e  c o n t e n t s  shou ld  d i s p l a c e  a m a x i m u m  1/3 of  t he  
t o t a l  volume of t h e  &rum, 
p r o c e s s e s  i n  e 3 l i t e r  c o n t a i n e r .  

T e f l o n  b e l l s  w e r e  p l a c e d  i n s i d e  t h e  d r u m .  For optimum mixing t h e  sum 
of  t h e  balls diameters should  be abou t  1 / 2  the:drum h e i g h t ,  The 5 kg 
b a t c h  (ID rh62) vas p rocessed  i n  a drum whose h e i g h t  was 107 cm;  
22 2.54 c m  diameter balls w e r e  used.  

A r o t a t i o n a l  speed of 120 r.p.m. h a s  been  used  for l a b o r a t o r y  s c a l e  
p r e p a r a t i o n  v i t h  e x c e l l e n t  r e s u l t s .  The 5 kg ba tch  (ID 1462)  w a s  
p rocessed  at  34 r.p.m. v i th  equa lzy  good r e s u l t s .  E x c e l l e n t  homo- 
g e n e i t y  vas a t t a i a e d  after m i r i n g  f o r  e i g h t  ( 8 )  hours .  

d r i e d  at 5OoC f o r  2h hours. Two 3 - g r s  samples  veze removed f o r  
analyses. The molding powder was stored i n  d ry ,  a i r t i g h t  c o n t a i n e r s  
u n t i l  p re s sed  i n t o  charges. 

As an  exemple, 5kO gr of  material can  be 

b. To aid i n  b l e n d i n g  t h e  powdered m a t e r i a l  2.53 c 3  diameter 

c. N i x i n g  w a s  accomplished by r o l l i n g  t h e  drum on a ba l l  m i l l .  

d. The roldis(g povder vas t h e n  removed from t h e  drum and vacuum 

P r e l i m i n a r y  r e s u l t s  showed t h a t  e x p l o s i v e  charges made from t h e  
d r y  blended HSS/Teflon molding povder had a) s i m i l a r  s e n e i t i v i t y  
p r o p e r t i e s ;  b )  greater homogeneity; e )  b e t t e r  machining c h a r a c t e r i s t i c s ;  
d )  improved mechanical  p r o p e r t i e s  and e )  w e r e  easier to p r o c e s s  t h a n  
s i m i l a r  e x p l o s i v e  cha rges  made by t h e  o l d  p rocedure  u t i l i z i n g  Te f lon  
30 emulsion. 

The u u i f o r m i t y  i s  evidenced  by two r s n d o r  saSlpl+s from t h e  5 kg 
b a t c h  (ID 14f;2), which were c h e m i c a l l y  ane lyeed  t o  de t e rmine  t h e  amount 
of T e f l o n  i n  t h e  molding powder. R e s u l t s  are g fven  i n  Tab le  11. 

The T e f l o n  powder des igna ted  as T e f l o n  7 C  gave t h e  best r e s u l t s  
and was s e l e c t e d  f o r  u s e  i n  t he  new d r y  b l e n d i n g  p rocess .  The  
b l e n d i n g  o p e r a t i n n s  are d e s c r i b e d  i n  (ref c r e c c e  6). 

10. T e f l o n  Analyses  

Yhe Te f lon  c o n t e n t  had been p r e v i o u s l y  run on t h e  machinings 
from t h e  ALSEP p r o j e c t  charges .  These machinings were blended i n t o  
one l o t  (ID 1369: and then  r eb lended  t o  form a second l o t  ( I D  1378). 
Auelyses  for T e f l o n  c o n t e n t  were run  on each of these blends.  The 
r e s u l t s  show t h a t  a more uniform molding powder can be ob ta ined  us ing  
T e f l o n  7 C .  R e s u l t s  of t h e  ana lyses  are a l s o  g iven  i n  Table  11. 

11. Simulant  

One of t h e  r equ i r emen t s  o f  t h e  p r o J e c t  was t o  deve lop  compos i t ions  
and  manufac ture  i n e r t  s i m u l a t o r  b locks  f o r  a NASA c o n t r a c t o r  t o  be 
used i n  some of t h e i r  i n - p l a n t  t e s t s .  I t  was d e s i r a b l e  t h a t  t h e  
p r o p e r t i e s  of t h e  s imulant  be as similar a s  p o s s i b l e  t o  HBS/Tetlon. 
A number of s imulaa t  composi t ions  were developed and eva iua ted  i n  an 



a t t e m p t  t o  d u p l i c a t e  t h e  p r o p e r t i e s  of HHS/Teflon as c l o s e l y  as pos- 
s i b l e .  The i n e r t  s imu lan t  cornposi t ion selected was: 

Melamine (Eas t aan  1540 o r  e q u i v a l e n t )  10.0 f 0.5% 
T e f l o n  (Dupont 7C) 24.0 f 0 .5% 
Viny l idene  f l u o r i d e  r e s i n  (Pennwalt  RC 2525) 66.0 f 0 .5% 

T h e  background and detai is  o f  t h e  s i m u l a n t  development and 
p r o p e r t i e s  are g i v e n  in reference 0.  

12.  impact S e n s i t i v i t y  

Impact s e n s i t i v i t i e s  w e r e  run on samples o f  HllS/Teflon made wish 
T e f l o n  33 emulsion and T e f l o n  7C. The impact  s e n s i t i v i t i e s  of b o t h  
compos i t ions  w e r e  e s s e n t i a l l y  e q r a l .  

13. Thermal P r o p e r t i e s  

Design c o n s i d e r a t i o n s  r e q u i r e d  t h a t  v a r i o u s  o t h e r  thermal p rope r -  
t i e s  be run  on a t  least t h e  f i n a l  e x p l o s i v e .  The thermal d i f f u s l v i t y  
(from which t h e  t h e r m a l  c o n d u c t i v i f y  w a s  c a l c u l a t e d )  and s p e c i f i c  
heats have been o b t a i n e d  for T e f l o a  ( a s  a c a l i b r a t i o n  m a t e r i a l ) ,  
HES/Teflon 30, HlIS/'feflon 7 C ,  and t h e  t n e r t  s imu lan t .  

The :hemal  c o n d u c t i v i t y  and s p e - i f i c  heat o f  t h e  s e l e c t e d  
s i a u l a n t  composi t ion  w e r e  5.793 x lo-' cal/cm,'sec-°C and 0.278 c a l /  
ca / °C ,  r e s p  c t i v e l y .  These compare f a v o r a b l y  w i t h  t h e  v a l u e s  o f  
5.636 x lo-' cal/cm/sec-°C and 0.249 cal/cm/OC o b t a i n e d  f o r  HBS/Teflon 
7 C  (ID 1462)  madefromHIS (X580*) remain ing  from t h e  ALSEP program. 
The v a l u e s  f o r  t h e  v a r i o u s  r a t e r i a l s  are g i v e n  in Table 1 2 .  

1 4 .  D i f f e r e n t i a l  Thermal Ana lys i s  

D i f f e r e n t i a l  thermal  a n a l y s i s  (DTA),described i n  r e f e r e n c e  ( 9 ) .  
is a method f o r  obse rv ing  t h e  t r a n s i t i o n s  and r e a c t i o n s  t h a t  a sub- 
stance undergoes on h e a t i n g .  The sample and t h e  i n e r t  r e f e r e n c e  are 
p l a c e d  symmet r i ca l ly  i n  a fur r iace  which i s  h e a t e d  a t  a c o n s t s n t  rate 
The d i f f e r e n c e  i n  t e m p e r a t u r e  between t h e  t e m p e r a t u r e  and t h e  i n e r t  
reference (AT) i s  observed  as  a f u n c t i o n  of f u r n a c e  t empera tu re .  
When a r e a c t i o n  o c c u r s ,  t h e  change in t h e  t h e r m a l  p r o p e r t i e s  of t h e  
Sample i s  inarc lz ted  by a d e f l e c t i o n  or geak. 

T h e  p a r t i c u l a r  a p p l i c a t i o n  in t h e  HIS/Teflon work was t o  a s c e r t a i n  
t h e  Chemic81 s t a b i l i t y  o f  t h e  m a t L r i a 1  upon the rma l  h e a t i n g  ky obse rv ing  
t h e i r  phase t r a n s i t i o n ,  ( e i t h e r  endothermic or exothermic)  in t h e  
t e m p e r a t u r e  r e g i o n  of  i n t e r e s t .  A s t a n d a r d  DTA s e t u p  was used for 
t h i s  work. 

D i f f e r e n t i a l  t h e r m a l  a n a l y s e s  were run on HIS ( ~ 7 5 6 ) ,  HIVS/Teflon 
7C (IC757 and I D  1462)  and T e f l o n  7 C .  Bea t ing  ra tes  of bo th  S 0 C / m i n  a n d  
10°C/min were used on a l l  materials excep t  HHS/Teflon 7C ( I D  1 4 6 ? ) ,  
* I O L  magazine i d e n t i f i c a t i o n  number. 

0 



which vas r u n  a t  o n l y  t h e  S°C/min h e a t i n g  rate.  

A l l  of t h e  HIS a d EINS/Teflon samples  showed a s l i g h t  exotherm 
( b e l i e v e d  t o  be due t: decomposi t ion)  j u s t  p r i o r  t o  t h e  endotherm 
due t o  m e l t i n g .  'th..? Gemperature r ange  of t h e  i n i t i a t i o n  of t h e  m e l t i n g  
p o i n t  endotherm ?as ; 1 1 . 5 O C  t o  312.5OC f o r  HIS (X756), 3 1 1 . O o C  t o  
3 1 1 . 8 O C  f o r  HBS/'2eZl;ln 7 C  (X757),  and 325.5OC t o  328.6Oc f o r  T e f l o n  
7 C .  Details  of t 4 c  'iTA work are shovn i n  T a b l e  13. 

15. Thermal Cyc l ing  (Design L i m i t )  

For  t h e  LSi'E prcgralil HASA r e q u e s t e d  t h e  f o l l o w i n g  severe t i m e /  
t e m p e r a t u r e  environr;. n t a l  t e s t s  on t h e  e x p l o s i v e  package. 

Reduce ,empe:ature from ambient  t o  -73 .3OC (0-3 h r s )  
Raise t r a p e r c i t u r e  t o  -4OOC ( 3  - 6.5 h r s )  
Raise t e s p e r a t u r e  t o  121OC (6.5 - 11.5 h r s )  
Reduce t t snpe ra tu re  t o  8 8 O C  (11.5 - 1 6  hrs )  
Reduce terapeisture to -73.3OC (16 - 18 hrs) 
Raise t e m p e r a t u r e  t o  ambient  23.9OC (18  - 24 h r s )  

T h e  e x p l o s i v e  peckages were x-rayed b e f o r e  and a f t e r  t h e  t h e r m a l  
shock tests. I t  bas a p p a r e n t  from t h e  r a d i o g r a p h s  f o l l o v i n g  t h e  t e s t s  
tha t  c r a c k i n g  occur red  i n  t h e  l a r g e r  c h a r g e s .  F u r t h e r  i n v e s t i g a t i o n  
r e v e a l e d  t h a t  t h e  LSPE c h a r g e s  above the  0.114 kg s i z e  showed v a r i o u s  
d e g r e e s  of  c r a c k i r c ~  brought  abou t  by t h e  thermal c y c l i n g .  ( r e f e r e n c e  1 0 ) .  

There  is no e r i a e a c e  t o  s u e g e s t  t h a t  c r a c k s  in e x p l o s i v e  c h a r g e s  
pose  any s a f e t y  o r  r e l i a b i l i t  haza rds .  The measured d e t o n a t i o n  
v e l o c i t y  of c r a c k e d  and scund e x p l o s i v e  c h a r g e s  were t h e  same. Based 
on a tes t  program comparing c r a c k e d  and uncracked  c h a r g e s  it was con- 
c luded  t h a t  c r acked  c h a r g e s  d i d  no t  pose  a s a f e t y  problem and had no 
e f f e c t  on t h e  p r o p e r  +'unctioning cf t h e  e x p l o s i v e  package. 

16. R e s u l t s  

HES/Teflon - l o a d e ' i  grenar:c: packages were p l aced  on t h e  moon by 
t h e  Apollo 1 4  and 16  a s s r o n e u t s .  N A S A ' s  f i r s t  t e s t s  of  i t s  A L S E P  
moon-grenade l a u n c h e r  lef t .  I t h e  mocn by Apol lo  16 occur red  on 
23 Yay 1972 t r i g g e r c a  by .dio s i g n a l s  from t h e  S p a c e c r a f t  Cen te r ,  
Houston. Three  of t h e  -our  c h a r g e s  w e r e  l aunched  and f i r e d  success -  
f u l l y .  Fa l lowing  t h e  Launching of t h e  t h i r d  grenade ,  t h e  m o r t a r  
package ' s  p i t c h  sen. lr s h i f t e d  t o  o f f s c a l e  h igh ,  i n d i c a t i n g  e i t h e r  
t h a t  t h e  s e n s o r  h r '  f a i l e d  o r  t h a t  3ne o r  more o f  t h e  f o u r  s t a k e s  
anchor ing  t h e  mc: -or ti) t h e  l u n a -  s u r f a c e  had p u l l e d  o u t  of  .;he ground 
a l l o w i n g  t h e  p r ~ k a g e  t c l  p i t c h  A P  backward. 

The f o u r t h  grenade c ~ t i t a i n i n g  t h e  b54g HNSiTeflon c h a r g e  has  
not  been f i r e d  as y e t  - 0  avo id  any p o s s i b l e  damage t o  t h e  r e s t  of  t h e  
A L S E P  package. The. Apollo 14 e x p l o s i v e  c h a r g e s  have n o t  y e t  been 
launched t o  p r e v e i .  p o s s i b l e  damage t o  t h e  o t h e r  s t i i l - o p e r a t i n g  
exper iment?  i r  bhe  ALSEP package.  

9 
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The e i g h t  e x p l o s i v e  c h a r g e s  emplaced on t h e  moon by Apollo 17 
a s t r o n a u t s  f o r  t h e  LSPE program were d e t o n a t e d  s u c c e s s f u l l y  by r a d i o  
a f t e r  t h e  a s t r o n a u t s  l e f t  t h e  l u n a r  s u r f a c e .  

17. Conclus ions  

Under t h e  s e v e r e  envi ronmenta l  c o n d i t i o n s  imposed by t h e  moon's 
s u r f a c e ,  HAS/Teflon e x p l o s i v e  s u c c e s s f u l l y  performed i t s  i n t e n d e d  
f u n c t i o n  as p a r t  o f  t h e  Apollo ALSEP and LSPE programs. 

18. Recommendations 

HIS/Teflon should  be c o n s i d e r e d  a s  a prime c a n d i d a t e  f o r  f u t u r e  
e x p l o s i v e  a p p l i c a t i o n s  i n v o l v i n g  u n u s u a l l y  h i g h  t e m p e r a t u r e s  and /o r  
ve ry  low p r e s s u r e s .  
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DATB 

1.84 

286 

co.1 

1.3 

7 -6  
(1.80) 

(1.78) 
259 

T a b l e  1 

P r o p e r t i e s  of S e l e c t e d  E x p l o s i v e  Compounds 

TATB 

1.94 

-450 

<o. 1 

0.8 

7.76 
(1.88) 

(1.88) 
291 ( 3 )  

crystal  density, g/cm3 

Melting point, oc (1) 

Vacuurp Stabi l i ty ,  m l  gas/g/48 hrs 
(100'C) 

(260Oc 
ml gas/g/2 hrs 

Detonation velocity,  mm/wec (2) 

C-J detonation pressure, K bar(2) 

Impact Sensit ivity (50% ht ,cm) 

RIjX 

1.82 

- 
204 

0.1  

* 
8.64 
(1.77) 

338 
(1.767) 

24 

HMX 

1.90 

285-287 

<0.1 

* 
9.11 

(1.89) 

387 ( 3 )  
(1.90) 

25 

HNS 

1.74 

318 

c0.1 

1.1 

7.02 
(1:KI) 

- 

53 

(l )Decomposition usually occurs a t  or near m e l t i n g  point 
(2)Number i r -  parenthesis i s  charge density i n  g/cm3 
(3 )Calcul*t e! 

'Ekceeds capacity of apparatus 



Table 2 

Explosive Vapor Pressures 

T i m e  Area* Wt. Loss Vapor Pressure 
Compound T . ( O C )  ( h r s )  ( C I U 2 )  (G. x 1 0 3 )  (x i07  DIT/&) 

RDX 7 8 . 2  1200  0 . 7 9 1  2 0 . 7 9  1 0 . 5  
9 7 . 7  402  0 . 7 6 6  5 5 - 7 2  8 8 . 9  

DATB 9 7 . 6  972  6 . 3 3  1 5 . 9  
1 0 8 . 1  516 6 . 3 3  3 1 . 0  

1.2 
4 .5  

HMX 1 1 5 . 6  7 . 6 8  2 . 3 1  2 . 0 9  0 . 0 6  
1 2 9 . 3  2430 2 . 3 1  4 . 8 3  0 . 4  

TATB 1 6 1 . 4  144 0 2 . 3 1  2 9 . 0  l i . 3  

HN S 177  3 480? 6 . 3 3  2 3 . 9  0 . 3  
2 0 6 . 3  1080 2 - 5 3  3 6 . 5 5  5 . 3  

177 3 474 2 . 3 4  4 9 . 1 6  -22 .3  

"Surface area of sample 
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T a b l e  3 

P r o p e r t i e s  o f  S e l e c t e d  DATB PBX Systems 

DATB-PBX W l t h  5 %  
Lexan - Prorer t -  T e f l o n  Kynar 

Mel t ing  p o i n t  o f  b i n c e r  ( " C )  325(l) 170 268 

Pressed  d e n s i t y  ( %  TMD) 98 98 98 

Machinab i l i t y  E x c e l l e n t  E x c e l l e n t  Good 

Compa tab i l i t y  of b i n d e r  w i t h  
DATB Exc e l l  e n t  E x c e l l e n t  E x c e l l e n t  

Thermal c y c l i n g  r e s i s t a n c e  S+ 
( n o .  o f  c y c l e s  from - 5 4 ' ~  
t o  + 7 l o C  w i t h  no c r a c k i n g )  

3 

Compressive s t r e n g t h  7000 9800 10800 
(average!  ( p s i )  

(1) Amorphous g e l  above t h i s  temperecure .  

(2) Not t e s t e d .  
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Table 4 

Polymeric  Binders  Eva lua ted  

Tradename Composi t ioz  

?%Plan 30 Water emulsion of p o l y t e t r a -  
f l u o r o e t h y l e n e  

Source  

DuPont 

Lex an  1- c, : j..! u r  b o n a t e Genera l  E l e c t r i c  Co. 

Kynar Po lyv iny l idene  f l u o r i d e  P e n n s a l t  Chem. Co. 

Z y t e l  63 Alcohol  s o l u b l e  nylon DuPont 

Viton A Copolymer o f  hexa f luo ropropy lene  
and v i n y l i d e n e  f l u o r i d e  

DuPont 

Nylon 63 Alcohol s o l u b l e  polyamide DuPont 

Chemlock 607" P r o p r i e t a r y  Adhesive Hughson Chemical Co. 

*'TJseil i n  ; on junc t ion  w i t h  \ l i t o n  A 



Table 5 

Comparison of Polymeric Binders f o r  €INS 

Impact S e n s i t i v i t y  Pressed Density 
Composition ( Y  l d i n g  Powder) c m  (g/cm3 1 XTWD 

\- - - HlOS (Control) 53  

HNS/Teflon (95/5)  64 - - 
HIS/Tef lon (90/10)  

HlOS/Lexan (90 .10 )  

HlOS/Kynar (30/10)  

HIS/Viton-A (gO/lC’ 

77 

99 

94 

84 

53  

1 .74  97 .6  

1 - 5 5  9 2 - 9  

r . 7 7  98.8 

1 .71  98 .3  

1 . 7 0  9 7 - 1  

HI?S/Nylon (90/13) 183 i . 6 3  99 -4  

Tetryl 

Conp B 

TNT 

40 

60  

2 0 0  

/ 9  
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Table 6 

Thermal S t a b i l i t y  Tests 

rl gas/- T i m e  % Ut. Cha e ea 
Composition (150Oc) (deys) 1 . 3  x 10% E/a2 

HES/Teflon f90/10)  co.1 
C O . 1  

2 
44 

HBS/Lexan (90/10)  

HNS/Kynar (90/10)  

HES/lpylon (90/10)  

C O . 1  

3 . 2 5  

1.1 

30 

2 

+0.13% in 1 0  days 
et 136Oc 

2 

ElpS 0 100 

- ALSEP Propel lant  
(AP/Al/Viton-Teflon) 

-0.15 in 6 days 
at 1 ? 7 O C  

HNS/Teflon/Epoxy Laminate 0.63 
0.70 

2 
7 

HIS /T e f 1 on / S i 1 i c on e 
Laminat e 

0.17 3 

HI?S/Teflon/Acrylic 
Lacquer 

0.13 2 
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lot. lo. Sample 

X 576 -- 
X9!1 

11138-24 A1 

A2 

A3 

11138-25 B1 

82 

B3 

Bh 

11138-25 "POP 

Middle 

Bottom 

Table 7 

Holdiig Povder Analysis 

HES/Teflnn gO/lO 

% Teflon Remarks 

10.86 5.5 lb Prepared at HOL 

9-67 Prepared by contractor 

3.34 36 Ib 

10.03 
9.68 f 0.23 average 

10.59 Prepared by contractor 

g-b8  73 lb Before blending 

7-91 

12.42 
10.10 f 1.38 average 

12.64 Prepared by coEtractor 

11.12 50 lb After blending 

10.16 
11.31 f 0.99 average 

ai 
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Analysis of Sectioned Charge 

c f f 
l *  2 3' 4 

9 * 10 11 * 12 
5 € 0  7 8 ,  

Sample Na. 

1 

3 

6 

9 
11 

Average 

% T e f l o n  

9.78 

9 . 6 6  

9 .26  

10.44 

9.68  

9 - 7 5  f 0.24 



Table 9 

Zxplosioe Charges Cor Seismic Grenade 

Predicted Range horninel Weight Gross Dimensions 
(km) (kg) (cm) 

1 .50  km grenade 0 . 4 5 4  6.825 x 6.825 x 6.033 

0.915 Ism grenade 0.272 6.825 x 6.825 x 3.650 

0.305 km grenade 0.136 6.825 x 6.825 x 1.905 

0.153 km grenade 0.045 3 .81  x 3.81 x 1 .905  



Table 10 

Some Properties of HrOS/Teflcn (90/10) Explosive 

Property 

Density, g/cm3 1.70 - 1-74 
Detonation velocity, m/sec (P1.70) 7000 

Compressive Strength,  g / c d  1 .1882x105 

Young's Modulus, g/cm2 66.9~10~ 

Impact Sensitivity, 50% point, cm 77 

a4 
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Tab le  11 

Tef lon  Analyses  

HNS/Teflon 30 (90/10)  
P e r c e n t  T e f l o n  

I D  1368 

Sample #I 

Sample #2 

14.73 12.81 11 59 13 . 04 

11.26 11 . 24 11 . 25 
Average 12.15 

I D  1378 

Sample #1 11.16 11 35 11.26 

Sample 1 2  10.61 10.47 10.54 
Average 1 0  . 90 

HNS/Teflon 7 C  (9O/lO 

I D  1462 

Sample #l 

Sample 1 2  

9 .75  10.11 9.33 

10.05 10.20 10.13 
Avera6e 10.03 



Table 12  

Thermal Propert ies  

Thermal S p e c i f i c  Thermal 

cm2/ sec Dens g/cm 'r c a1 / c m / O C  cal/cm/sec-°C 
Heat Conductivity D i f fus iv i ty  

HNS/Teflon-30 
Mac hining s 1 . 3 9  x 1.676 0 .250  5.802 x l og4  
I D  1368 

HNS/Teflon 7C 1 .34  10-3 1 .689  0.249 5.636 x 

Tef lon 
Machined ilod 0.94 10-3 2 207 0.259 5.392 x 

4 Simulant U20 1 . 2 2  10-3 1.708 0.278 5.793 x 10' 



Table 13 

DTA Analyses 

Program Rate Number of 
Mater la1 (OC/min) Samples 

Tef lon ?C 

10 

5 
10 

HBS/Teflon 7C 5 
(x757*) 10 

HNS/Teflon 7C 5 
(XD 1462) 

1 

1 

2 
1 

Ir 
1 

2 

Temperature 
Range ( O C )  

311 5 

312.5 

325.5 - 328.6 
327.3 

311.0 - 311.8 
311.8 

311.5 - 312.3 
~~~~~ ~~ ~ ~~~~~ ~ 

*BOL Magazine identification number 
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Appendix A 

P r e p e r a t i o n  of PBX Molding Powder 

Procedure  f o r  HBS/Kynar 

€INS 1350 gm 90% 

Kynar r e s i n  1 5 0  gm 1 0 %  

Acetone 7,000 ml 

D i s t i l l e d  water 12,000 m l  

( a )  D i s s o l v e  t h e  r e s i n  i n  a c e t o n e  under  r e f l u x .  

(b) With  v i g o r o u s  s t i r r i n g ,  add t h e  H I S  t o  t h e  r e s i n  
s o l u t i o n  and s t i r  f o r  1 0  minu tes  

( c )  Add t h e  water and s t i r  f o r  1 0  minu tes  more. 

( d )  F i l t e r  and wash w i t h  water.  

( e )  Dry molding powder a t  8ooc f o r  4-6 hours .  

Procedure  f o r  HNS/Teflon 30 

HNS 1350 gm 

Tef lon  30 C6ok s o l i d s )  250 gm 

D i s t i l l e d  wa te r  4500 m l  

Acetone 3600 m l  

( a )  Add HNS to t h e  water and s t i r  v i g o r o u s l y  f o r  '5 minu tes .  

(b) Add Tef lon  d i r p e r s i o n  and s t i r  f o r  5 minu tes .  

( c )  Add a c e t o n e  and s t i r  f o r  1 0  minutes .  

( d )  F i l t e r  and  wash  w i t h  wa te r .  

90% 

10% 

( e )  Dry a t  8 O o C  f o r  4-6 hours  i n  vacuum oven. 
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Procedure  f o r  HNS/Lexan 

ENS 4 5 0  gm 9 0 %  

Lexan 50 gm 10% 

Methylene c h l o r i d e  600 m l  
D i s t i l l e d  water 2400 m l  

( a )  The Lexan i s  d i s s o l v e d  i n  methylene c h l o r i d e  under  r e f l u x .  

(b) The ENS i s  added t o  t h e  water which has been hea ted  t o  
50°C and t h e  s l u r r y  i s  s t i r r e d  v i g o r o u s l y .  

( c )  The s o l u t i o n  of Lexan is added s lowly  t o  t h e  s t i r r e d  s l u r r y  
end t h e  s t i r r i n g  con t inued  u n t i l  t h e  s o l v e n t  has  been d r i v e n  off. 

( d )  The molding powder i s  f i l t e r e d ,  washed w i t h  water and d r i e d  
f o r  4-6 hours  a t  8 O o C  i n  a vacuum oven. 


